Inducible nitric oxide synthase mediates delayed cardioprotection induced by morphine in vivo: evidence from pharmacologic inhibition and gene-knockout mice.
It is not known whether morphine induces delayed cardioprotection against ischemia and reperfusion. The authors measured the delayed preconditioning induced by morphine and determined the role of inducible nitric oxide synthase (iNOS) in mediating this effect using a pharmacological inhibitor and iNOS gene-knockout mice. Adult male wild-type and iNOS gene-knockout (B6, 129) mice were treated with morphine (0.3 or 0.1 mg/kg intraperitoneal) or saline. Twenty-four hours later, mice were subjected to 45 min of coronary artery occlusion followed by 120 min of reperfusion. S-methylthiourea sulfate (3 mg/kg, intraperitoneal) was given 30 min before the occlusion to block iNOS. Infarct size as a percentage of the area at risk was determined by triphenyltetrazolium chloride staining. iNOS and endothelial nitric oxide synthase expression were measured by Western blot. Infarct size was significantly reduced in wild-type mice from 43.1 +/- 5.3% in the saline group to 22.4 +/- 4.4% in the higher-dose morphine group (0.3 mg/kg) (P < 0.05). This cardioprotective effect was abolished by S-methylthiourea sulfate (43.3 +/- 3.9%) and was absent in iNOS gene-knockout mice (42.3 +/- 4.7%). Pretreatment with the lower dose of morphine (0.1 mg/kg) did not reduce infarct size (41.1 +/- 5.4%). A significant increase in myocardial iNOS expression was observed 24 h after morphine administration (0.3 mg/kg but not 0.1 mg/kg; P < 0.05), whereas endothelial nitric oxide synthase remained unchanged. : Pretreatment with morphine induces delayed cardioprotection in mice. The authors demonstrated an obligatory role for iNOS in mediating morphine-induced delayed cardioprotection.